'%it is an advantage to a species to be biochemically diverse ..For the biochemically diverse species will contain at least some members capable of resisting any particular pestilence. ' JBS Haldane, 1949 Pharmacogenetics and pharmacogenomics are sciences which reflect the biochemical diversity of Haldane's species. The field started in the 1950s and 1960s, stimulated by observations in human beings which showed that mutations of drug-metabolising enzymes could alter a persons's response to a drug. There were a few observations which suggested the occurrence of similar events in animals. Now we see genetic problems of broader scope. We have to struggle more and more with resistance against insecticides in flies, mosquitos, and other pests. Even worse, there is more and more bacterial resistance to antibiotics. These effects are usually not designated 'pharmacogenetics' or 'pharmacogenomics' but they are, and they illustrate inborn variants in populations.
If an individual insect happens to be resistant against the killing effect of an insecticide, it may be the one to survive and thereby become the ancestor of a resistant strain. This example is evidence of the importance of survival of the fittest individual. But there is another aspect. Let us assume there are two insect populations, one of them containing the rare individual that carries the resistance-producing mutation, the other not. One population will be exterminated by the exposure, the other may be able to survive. Darwin knew of such situations and wrote 'A large number of individuals, by giving a better chance for the appearance within any given period of profitable variations, will compensate for a lesser amount of variability in each individual%'. Darwin did not ask whether both individuals and populations could be considered to be the targets of evolutionary forces. Nevertheless, populations must be as much a direct target of evolutionary forces as are individuals, since selection and survival of the fittest individual is a concept insufficient to explain the complexities of life.
For instance, the existence of language or the occurrence of altruistic behaviour cannot be explained by striving for individual fitness. Steven Pinker 1 pointed to the problem presented by music, a problem which had been considered by numerous authors; he wrote 'As far as biological cause and effects are concerned, music is useless'.
Since evolution by survival of the fittest individual cannot account for all of life and culture, one must conclude that evolutionary forces act not only on individuals but in addition on cumulations of individuals, be they called groups, strains, populations, While the concept of superorganisms has sometimes found rejection (as discussed in [5] [6] [7] ), groups (as distinct from individuals) are more than ever considered targets of evolution. Electronic data search for numbers of publications categorized by various related terms revealed that the entries 'Species Selection' had over 5300 citations, 'Social Selection' over 3100, while 'Population Selection' and 'Group Selection' each yielded almost 1100 numbers. Virtually all these papers made some use of the concept without necessarily contributing to fundamental questions. In any case at the present time, accumulations of individuals are frequently thought of as targets of evolutionary forces. We will here refer to such accumulations of individuals as 'populations'.
In this context, it is interesting to consider that-in order to form an animal-many different cells and components have to come together and operate together. Michod and Roze 8 have dealt theoretically with this process of evolution of multicellularity; many of their thoughts apply to the function of populations as 'superorganisms'.
Two conditions must obviously be met to allow evolutionary choices of populations. First, each population must be able to function as a biological unit, and second, there must be genetic differences between them. To briefly discuss these factors is the purpose of this article.
In order to function as a biological unit, there must be cooperation between the individuals who constitute the population, that is, cohesion between the members of a population.
An often discussed and interesting feature is the existence of altruistic behaviour or unselfishness, 9-11 usually considered not to fit into the scheme of survival of the fittest individual. However, it is impossible to doubt that altruistic behaviour can be a strong cohesive force which helps to convert a collection of individuals into a population.
The existence of language is a cohesive force. Independently functioning individuals might live without communication. At least, they would not need the extensive communications allowed by the use of a language. It is an important point that there are inborn elements of language acquisition; 12,13 thus, with the origination of language, nature has created something which humans need in order to form a population.
A communicative equivalent of language may be sounds, signs, or signals in other creatures. The knowledge of young ducks and geese which allows them to obey parental signals has been called 'imprinting' by Konrad Lorenz.
14 Seal pups recognize their mother's voice. 15 The calls from a flock of geese flying over you and co-ordinating their efforts, 16 may catch even human attention. The songs of birds, indicating an individuals' presence or an invitation to mating, are means of communication between members of a population.
The songs may be part of the biology of music. 17 A good sense of pitch, of timbre, consonance, and of tonal memory are inherited traits. 18 Music brings humans together. This is directly seen when a crowd accumulates in order to hear a concert. Another cohesive force of music is the admiration for great artists, as for instance, the German pride in Bach, Mozart, and Beethoven. Music shares this cohesive power with all other forms of art; to praise an artist is a community endeavor. In other words, the evolutionary explanation for the existence of arts is not creation of an artist as the fittest individual; the presence of artists stimulates the interaction between the members of a population, thereby increasing the opportunity for the development of egalitarian ethics.
Egalitarian ethics means that there is difficulty for individuals to increase their fitness at the expense of other www.nature.com/tpj individuals in the same group. 4 Freeriders may be punished, and leadership may be controlled by 'reverse dominance hierarchy'. 19 The
In short, most of the cohesive forces seen in a population represent features which are genetically produced in the individuals that form the population, without necessarily providing these individuals with a reproductive advantage. It is inborn factors that cause individuals to cooperate and thereby to become a population. The inborn character of these factors indicates that a population is a creation of nature, capable of functioning as a superorganism.
In order to become the fittest population, populations have to compete. For competition to occur, there must be spatial and temporary coexistence. However, does evolution necessarily need competition? An individual or a population who can survive in its surroundings may be considered fit without being 'the fittest'. Nevertheless, we have to ask what means fitness for a population, and can the degree of fitness differ between populations?
Genetic differences between populations are represented by a distinctive occurrence of major or minor genes, causing non-uniformity of the members of a population. The degree of uniformity or non-uniformity may make one population more adequate for survival than another.
The importance of functional diversity within a population is well illustrated by the composition of two human populations who are fighting a war. The winner may be the one with the best leaders, the most competent engineers, reliable workmen producing the weapons, and fearless soldiers.
In other words, important for the function of a human population is the presence of a variety of different specialists. The leaders, whose abilities have determined the outcome, may be men or women beyond reproductive age so that their personal Darwinian fitness is immaterial.
A genetically uniform, perhaps inbred population, is much more likely to be annihilated by environmental forces than a population of distinctive individuals. It is worthwhile to consider the fact that the occurrence of insecticide resistence is likely immaterial in the absence of exposure. The presence of resistance represents a chance occurrence which epitomises a fact: mutations cause diversity within and between populations. Creation of this diversity is an important biological reason for the existence of mutations, besides the fact that they are initiators of the genetic changes which make evolution possible. Mutations are not simply errors of nature. They are important servants.
What was said about insecticide resistance as a chance occurrence holds as well for bacteria who may have to fight antibiotics. Actually, this kind of variety holds for all forms of life.
Pharmacogenetic differences between people represent basically the same phenomenon, 20 ie chance occurrences. People with a missing drugmetabolizing enzyme tend to live a perfectly normal life, unless they are exposed to a drug depending on that enzyme.
An example of inborn diversity within populations which deserves some comments in this context, is the existence of two sexes; sex means that all members of a population are not alike, but that they show broad structural and functional differences. Sex is a biologically expensive feature. 21 However, sex differences are a common feature of all advanced populations; hence this is a factor which does not necessarily affect the outcome of a competition between populations. Nevertheless, the existence of sex differences makes a population a different entity than would be a group of subjects which consist of all males or females; such groups could not per-sist over long periods of time, and they cannot grow except by recruitment.
In short, populations differ from each other because many of their members tend to carry different mutants; furthermore, it is the nonuniformity of the individual members of a population which helps a population to function as an effective entity, and thereby to allow evolutionary competition. The situation is analogous to that of a complex organism which has different cells, but they collaborate and form a living unit. Many of the individual diversities in a population are genetically controlled, as are the different cells of a multicellular organism.
To allow evolutionary forces to favor, or to eliminate, either an individual or a population, there are two requirements applying to both these units of selection: and possibly adverse events that vary with the host's repertoire of gene polymorphisms. 1 Several of the most obvious and well-discussed areas of pharmacogenomics potential have been oncology, CNS disorders, and inflammation, where a pattern of gene expression (up-or down-regulation) may be monitored in response to a given pharmacological agent. The ultimate promise of pharmacogenomics is of predictable outcomes from a study of human genomes and their responses ex vivo to a particular pharmacological agent. 2, 3 Treatment of infectious diseases is a bit of a therapeutic outlier. Ideally, one desires an agent that has no discernible effects on the host of an infection, while having lethal effects on the invading organism. Neither of these ideals is ever achieved. When one thinks of pharmacogenomics in infectious diseases, it is often in the context of drug effects (P 450 interactions, etc) and seldom in terms of the microbial population that the drug affects. Usually this is couched in terms of a decision in prescribing of a drug to which the patient may be allergic or prescribing a drug to which the patient may have an adverse response due to aberrant metabolism because of, eg, polymorphic variations in the
